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agnetic Resonance Imaging of
rrhythmogenic Right Ventricular Dysplasia
ensitivity, Specificity, and Observer Variability of
at Detection Versus Functional Analysis of the Right Ventricle
arikrishna Tandri, MD,* Ernesto Castillo, MD,† Victor A. Ferrari, MD,‡ Khurram Nasir, MD,*
arshan Dalal, MD,* Chandra Bomma, MD,* Hugh Calkins, MD,* David A. Bluemke, MD, PHD†
altimore, Maryland; and Philadelphia, Pennsylvania
OBJECTIVES The purpose of this study was to determine interobserver agreement for interpretation of
magnetic resonance imaging (MRI) examinations of arrhythmogenic right ventricular
dysplasia (ARVD) and to determine sensitivity and specificity of fat detection versus
functional parameters measured by MRI.
BACKGROUND The interobserver variability of MRI and the relative importance of different MRI parameters
(fat detection, regional and global right ventricular [RV] function) for ARVD diagnosis is
unknown.
METHODS Two experienced observers blinded to the clinical history independently analyzed MRI
datasets obtained from 40 patients evaluated for ARVD. Twenty normal subjects underwent
MRI and served as control subjects. The MRI scans were performed according to a standard
protocol on a 1.5-T scanner. The observers reported on fat infiltration, global and regional
RV function, myocardial thinning, and chamber dilatation qualitatively. The RV volumes
were measured on the cine sequences.
RESULTS Interobserver kappa scores for fat infiltration, global and regional RV function, wall thinning,
and RV outflow dilatation were 0.74, 0.94, 0.89, 0.93, and 0.93, respectively. Correlation
coefficients between observers for RV end-diastolic volume, end-systolic volume, and ejection
fraction were 0.93, 0.94, and 0.95, respectively (p  0.001). Fifteen patients were diagnosed
with ARVD using Task Force criteria. Sensitivity of fat infiltration, RV enlargement, and
regional RV dysfunction for diagnosing ARVD was 84%, 68%, and 78%, and specificity was
79%, 96%, and 94%, respectively.
CONCLUSIONS Qualitative assessment of RV structure and function is highly reproducible for experienced
observers. Among the qualitative parameters, fat infiltration is less reproducible and lacks
specificity compared with RV kinetic abnormalities. (J Am Coll Cardiol 2006;48:2277–84)
ublished by Elsevier Inc. doi:10.1016/j.jacc.2006.07.051© 2006 by the American College of Cardiology Foundation
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Arrhythmogenic right ventricular dysplasia
(ARVD) is a cardiomyopathy of unknown etiol-
ogy characterized by fibrofatty replacement of the
right ventricular myocardium (1–3). The diagno-
sis of ARVD is based on the presence of major
and minor criteria encompassing structural, his-
ologic, electrocardiographic, arrhythmic, and genetic factors
roposed by ARVDTask Force in 1994 (4). Demonstration of
bnormalities in right ventricular structure and function con-
titutes one of the diagnostic criteria for ARVD. Magnetic
esonance imaging (MRI) allows multiplanar evaluation of the
ight ventricle (RV), enabling accurate morphologic and func-
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ccepted July 12, 2006.ional assessment without any geometric assumptions (5).
ntramyocardial fat accumulation is a pathologic hallmark of
RVD, and MRI has excellent tissue characterization capa-
ility, particularly for fatty tissue (6–8). The ability to provide
issue characterization as well as to visualize RV function
akes MRI suitable for follow-up of patients and to study the
rogression of disease.
Despite its potential, MRI can be very problematic
ecause the performance of MRI scans requires training and
xpertise, and image interpretation requires considerable
xperience (9,10). Bluemke et al. (11) reported interobserver
eliability of MRI findings in ARVD among expert readers
sing static images (spin-echo images) performed on con-
entional scanners. They concluded that identification of fat
ignal is less reliable and reproducible compared with
orphologic abnormalities of the RV. An important limi-
ation of their study was that the images were acquired using
onuniform protocols, and the image quality was considered
ood in 40% of the examinations. We hypothesized that
he reproducibility could be significantly improved by opti-
izing image quality and by using a uniform imaging
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MRI of Right Ventricular Dysplasia December 5, 2006:2277–84rotocol. The aim of the present study was to define the
evel of interobserver reproducibility in reporting of MRI in
he diagnosis of ARVD and to determine the sensitivity and
pecificity of various MRI parameters used in the diagnosis
f ARVD.
ETHODS
he study population included 40 patients who were eval-
ated for possible ARVD at the Johns Hopkins ARVD
enter. Each of these 40 patients presented with left bundle
ranch block morphology ventricular arrhythmias. All of
hese patients underwent initial noninvasive testing includ-
ng an electrocardiogram, signal-averaged electrocardio-
ram, echocardiogram, exercise testing, and MRI. Invasive
esting was performed at the discretion of the cardiologist
nd included electrophysiologic study, RV angiography, and
ndomyocardial biopsy. Diagnosis of ARVD was made
xcluding the results of MRI. Twenty normal healthy
olunteers who underwent MRI according to the same
rotocol served as control subjects.
RI protocol. All the datasets were obtained on a 1.5-T
canner (CV/i, General Electric Medical Systems, Wauke-
ha, Wisconsin) at the Johns Hopkins Hospital and in-
luded both fast spin-echo (FSE) and gradient-echo se-
uences. Fat-suppressed and nonfat-suppressed (FSE)
equences were acquired in the axial and short-axis planes
ith breath hold double-inversion recovery blood suppres-
ion pulses. The repetition time was 1 or 2 R-R intervals,
nd the time to excitation (TE) was 10 ms. The slice
hickness was 5 mm and slice gap 5 mm. The matrix and
eld of view were 256  256 and 24 cm, respectively.
radient echo sequences were acquired in the axial and
hort-axis planes using breath-hold steady-state free preces-
ion (SSFP) imaging. The flip angle was 40°, and TE was
et to minimum. For SSFP imaging, the slice thickness was
mm with a slice gap of 2 mm. The matrix and field of view
ere 256  160 and 36 cm, respectively. A phased array
ardiac coil was used for all the studies.
The MRI datasets were made anonymous and were
dentifiable only by a unique ID number. The MRI datasets
ere transfered to an Advantage Windows workstation
General Electric Medical Systems) for analysis. Quantita-
Abbreviations and Acronyms
ARVD  arrhythmogenic right ventricular dysplasia
FSE  fast spin-echo
MRI  magnetic resonance imaging
RAD  right atrial diameter
RV  right ventricle/ventricular
RVEDD right ventricular end-diastolic diameter
RVESD  right ventricular end-systolic diameter
RVOT  right ventricular outflow tract
SSFP  steady-state free precession
VT  ventricular tachycardiaive analysis was performed using the software program
b
oASS (Medis, Leiden, the Netherlands). This software
as used by the readers to view images using standardized
indow width and level settings. The same software was
lso used for measurement of right ventricular and right
trial chamber size. Ventricular volume measurements were
erformed on short-axis gradient-echo images. The first
mage after the R-wave trigger represented the end-diastolic
mage. End-systolic image was defined visually as the one
ith the smallest ventricular cavity size.
Two experienced cardiac MRI readers were asked to
ssess images for: 1) fat infiltration (intramyocardial high
1 signal); 2) abnormal wall thinning (2 mm RV wall
hickness); 3) RV outflow dilation; 4) RV enlargement; and
) RV regional wall motion abnormality. The readers had
1 years (Johns Hopkins Hospital) and 11 years (University
f Pennsylvania) of experience in evaluating cardiac MRI.
igure 1. (A) Axial black blood image of the right ventricle. The right
entricle was divided into free wall (black arrow) and apex (white arrow)
y a line drawn in the midanterior wall. (B) Axial black blood image of the
utflow tract (white arrow).
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December 5, 2006:2277–84 MRI of Right Ventricular Dysplasiaoth of the centers (Johns Hopkins Hospital and University
f Pennsylvania) perform around 100 exams per year par-
icularly for the diagnosis of ARVD. For qualitative report-
ng of intramyocardial fat, the RV was divided into 3 areas
n the FSE axial images (RV free wall, RV apex, and RV
utflow tract) (Fig. 1). The presence or absence of fat
nfiltration was reported in each of these individual areas.
he RV wall thinning was also evaluated on the FSE
mages. The diagnosis of ARVD was made according to the
RVD Task Force recommendations if the patient had
ither 2 major criteria, 1 major and 2 minor criteria, or 4
inor criteria (4). Intramyocardial fat was defined as a
artial or transmural hyperintense signal within the RV wall
n T1-weighted black blood image. Wall thinning was
igure 2. Axial black blood image at the level of the aortic valve. The im
olunteer, which is comparable to the size of the aorta. The image on the r
entricular dysplasia.
Table 1. Baseline Characteristics of Study and
Variable ARVD
Gender
Men (n) 7
Women (n) 8
Mean age (yrs) 35
Range 16
Symptoms
Syncope 3
Palpitations 6
Chest pain 1
Dyspnea 2
None 3
History of sustained VT 7
Systemic hypertension 2
Electrocardiogram (T-wave inversions)
V1 only 0
V1 and V2 1
Beyond V2 14
Signal-averaged ECG abnormalities 7
Echocardiogram abnormalities 13
Holter monitoring
Nonsustained VT 7
Frequent PVC (1,000/day) 3ARVD arrhythmogenic right ventricular dysplasia; ECG electr
 ventricular tachycardia.efined as focal and abrupt reduction in wall thickness to
2 mm with adjacent areas of normal wall thickness. Both
V outflow tract (RVOT) and left ventricular outflow tract
ere assessed on axial black blood images. The RVOT was
valuated at the level of the aortic valve, and aortic outflow
as assessed 1 cm below the aortic valve. The RVOT was
onsidered to be enlarged if it was larger that the aortic
utflow. An example of an enlarged RVOT is shown in
igure 2. Functional analyses of the RV were performed in
binary fashion. The RV was considered to be enlarged if
t was equal to or larger than the left ventricle in diastole, on
he apical 4-chamber diastolic cine images. The RV global
nd regional functions were qualitatively evaluated on the
ine images. The RV enlargement and regional function
n the left shows the right ventricular outflow tract (RVOT) in a healthy
hows a grossly enlarged RVOT from a patient with arrhythmogenic right
trol Subjects
Patients (n  40)
Controls
(n  20)15) Idiopathic VT (n  25)
11 (44%) 9 (46%)
14 (56%) 11 (54%)
38  12 33  8
19–59 23–46
0 (0%) —
18 (72%) 0
4 (16%) 0
1 (4%)
2 (8%) 20 (100%)
2 (8%) 0
1 (4%) 0
20 (80%) —
5 (20%) —
0 (0%) —
0 (0%) —
0 (0%) —
11 (44%) —
7 (28%) —age o
ight sCon
(n 
(47%)
(53%)
 11
–58
(20%)
(40%)
(10%)
(13%)
(25%)
(47%)
(13%)
(0%)
(10%)
(90%)
(47%)
(87%)
(47%)
(20%)ocardiogram; PVC premature ventricular contraction; VT
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MRI of Right Ventricular Dysplasia December 5, 2006:2277–84ere assessed on the gradient-echo images. Observers were
linded to all clinical histories.
tatistical analysis. Data were analyzed using STATA
ersion 7 (Stata Corp., College Station, Texas). Agreement
etween observers for qualitative variables was characterized
y unweighted kappa values. Kappa scores between 0.41 and
.6 indicate moderate, 0.61 to 0.8 good, and above 0.8 very
ood agreement. Significance testing was done using a
-score with a p value of 0.05 considered statistically
ignificant. Sensitivity and specificity of MRI variables for
oth readers were generated, and average sensitivity and
pecificity for diagnosis of ARVD were determined. Inter-
eader agreement for a quantitative variable was assessed
sing correlation coefficient and limits of agreement using
land Altman plots.
ESULTS
he study population included MRI datasets from 40
atients (19 men and 21 women) and 20 control subjects (9
en and 11 women). Baseline characteristics of the study
opulation are shown in Table 1. The image quality was
onsidered adequate for reporting in all of the 40 patients
Table 2. Task Force Criteria for the Diagnosis
Dysplasia/Cardiomyopathy
I. Global and/or Regional Dysfunction and Structur
MAJOR
Severe dilation and reduction of right ventricula
impairment
Localized right ventricular aneurysms (akinetic
Severe segmental dilation of the right ventricle
MINOR
Mild global right ventricular dilation and/or eje
Mild segmental dilation of the right ventricle
Regional right ventricular hypokinesis
II. Repolarization Abnormalities
MINOR
Inverted T waves in the right precordial leads (
over 12 years of age, in absence of right bund
III. Depolarization/Conduction Abnormalities
MAJOR
Epsilon waves or localized prolongation (110
(V1–V3) of a 12-lead electrocardiogram
MINOR
Late potentials on a signal-averaged electrocard
IV. Arrhythmias
MINOR
Left bundle branch block-type ventricular tachy
Holter monitor, or exercise tolerance testing
Frequent ventricular extrasystoles (more than 1,
V. Tissue Characterization of Walls
MAJOR
Fibrofatty replacement of myocardium on endo
VI. Family History
MAJOR
Familial disease confirmed at necropsy or surge
MINOR
Familial history of premature sudden death (3
dysplasia/cardiomyopathy
Familial history (clinical diagnosis in a family m*Detected by echocardiography, angiography, magnetic resonanceor all the series. The final diagnosis of ARVD was made
ccording to the Task Force criteria (Table 2). For the
urposes of this study, MRI results were not used to make
he final diagnosis of ARVD being present or absent.
Of the 40 patients with ventricular arrhythmias, 15 had a
nal diagnosis of ARVD. The characteristics of patients
ith ARVD are shown in Table 3. Twenty-five patients
ere diagnosed with idiopathic RVOT ventricular tachy-
ardia. The diagnosis was based on lack of abnormalities on
urface electrocardiogram (ECG), signal-averaged ECG,
nd absence of structural heart disease on echocardiography
Table 1). Of these, 21 patients underwent electrophysi-
logic testing. Sustained monomorphic ventricular tachy-
ardia (VT) was induced in 2 patients and nonsustained VT
nduced in 6 patients. The VT was induced by ventricular
verdrive pacing within a range of cycle lengths consistent
ith a triggered or automatic mechanism. The remaining 13
atients had only induced frequent premature ventricular
ontractions (PVC). Isoproterenol was required for VT/
VC induction in 12 patients. The morphology of the VT
as left bundle inferior axis consistent with an origin in the
VOT in each of these patients. Seven of the 8 patients
rrhythmogenic Right Ventricular
erations*
tion fraction with no (or only mild) left ventricular
kinetic areas with diastolic bulging)
fraction reduction with normal left ventricle
d V3) of a 12-lead electrocardiogram (in individuals
anch block)
f the QRS complex in right precordial leads
(sustained or nonsustained) on electrocardiogram,
4 h) on a Holter monitor
rdial biopsy
) due to suspected right ventricular
r based on present criteria)of A
al Alt
r ejec
or dys
ction
V2 an
le br
ms) o
iogram
cardia
000/2
myoca
ry
5 yrs
embeimaging, or radionuclide scintigraphy.
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December 5, 2006:2277–84 MRI of Right Ventricular Dysplasiaith inducible VT underwent successful catheter ablation
ith resolution of the arrhythmia. The remainder elected
or medical therapy with beta-blockers.
ualitative parameters. The results of the qualitative
nalysis are summarized in Table 4. The incidence of
ntramyocardial hyperintense MRI signal intensity indica-
ive of fat infiltration of RV was 4%, 34%, and 84% for
ontrol subjects, idiopathic RVOT VT, and ARVD, respec-
ively (control subjects vs. idiopathic VT: p  NS; idio-
athic VT/control subjects vs. ARVD: p  0.01). The
nter-reader agreement for fat infiltration was good (88%)
ith a kappa score of 0.74. Wall thinning was reported in 1
atient with ARVD, and inter-reader agreement was 100%.
ight ventricular enlargement was reported in 4%, 0%, and
8% of control subjects, idiopathic RVOT VT, and ARVD
atients, respectively. The agreement was 95% with a kappa
core of 0.84. Regional wall motion abnormalities were
eported in 4%, 0%, and 78% of control subjects, idiopathic
VOT VT, and ARVD patients, respectively, with excel-
ent inter-reader agreement (kappa  0.90). Right ventric-
lar outflow tract enlargement was reported in 4%, 0%, and
6% of control subjects, idiopathic RVOT VT, and ARVD
atients, respectively. The agreement was 93% with a kappa
core of 0.78.
uantitative parameters. Right ventricular end-diastolic
olume (RVEDV) and RV ejection fraction (RVEF) was
ignificantly different in ARVD compared with idiopathic
able 3. Clinical Characteristics of Patients With Arrhythmogen
Case
Age (yrs)/
Gender
Family
History
ECG
Arrhythm
T-Wave
Inversions SAECG
1 45/F No V1–V3 Normal SVT
2 35/F Yes V1–V5 Abnormal None
3 16/M Yes V1–V5 Normal None
4 40/M Yes Normal Normal NSVT
5 25/F No V1–V6 Normal SVT
6 35/F Yes V1–V4 ND None
7 30/M Yes V1–V5 Normal SVT
8 23/M No V1–V6 Abnormal SVT
9 40/M No RBBB ND None
10 33/F No V1–V4 Abnormal SVT
11 58/M No V1–V6 Abnormal SVT
12 26/F Yes V1–V4 Abnormal NSVT
13 33/F No V1–V4 Abnormal NSVT
14 21/M No V1–V6 Abnormal SVT
15 46/F No V1–V4 Normal None
ild RVD-RV  ejection fraction 40%–55%; severe RVD  ejection fraction 35
ECG  Electrocardiogram; Echo  echocardiogram; ND  not done; NS  n
RV dysfunction; RVE  RV enlargement; SVT  sustained ventricular tachycar
able 4. Incidence and Interobserver Agreement for the Qualitat
Variable ARVD IVT Con
ntramyocardial fat 84% 34% 4
all thinning 6% 0% 0
V dilation 68% 4% 0
egional function 78% 0% 4
V outflow tract enlargement 66% 0% 4RVD  arrhythmogenic right ventricular dysplasia; IVT  idiopathic ventricular tachycT and control subjects (Fig. 3). There was an excellent
orrelation between the observers in quantitatively reporting
he ventricular volumes and ejection fraction, reflected by
orrelation coefficients of 0.93, 0.94, and 0.95 for RVEDV,
V end-systolic volume, and RVEF, respectively (p 
.001 for all). The Bland-Altman plots showing the limits
f agreement are shown in Figure 4.
ensitivity and specificity. Fat infiltration of the RV had a
ensitivity of 84% and specificity of 79% with a positive
redictive value of 80%. Regional wall motion abnormality
f the RV had a sensitivity of 75% and specificity of 97%
ith a positive predictive value of 90%. Among the variables
ssessed, fat infiltration was the most sensitive and least
pecific in diagnosis of ARVD.
ISCUSSION
he growing use of MRI in the diagnosis of ARVD is based
n its excellent demonstration of RV morphology and
unction. Magnetic resonance imaging is uniquely suited to
rovide tissue characterization by demonstrating fat infil-
ration, which is the pathologic hallmark of ARVD. Recent
tudies have highlighted the role of MRI in detecting
brosis in the RV myocardium in patients with ARVD (12).
he increasing use of MRI in ARVD is based on the
remise that the MRI findings are reliable and reproducible.
ewer and faster imaging techniques, breath-hold imaging,
ght Ventricular Dysplasia
Echo
RV Angio RV Biopsy
Criteria
RVE RVD Major Minor
Yes Mild Mild RVD Fibrofatty 1 3
No Severe ND ND 1 2
Yes Mild Basal dyskinesia Normal 1 2
Yes None ND Normal 1 2
Yes None ND Fibrofatty 1 3
Yes Mild ND Fibrofatty 1 2
No None ND ND 1 2
Yes Severe ND ND 0 4
Yes Severe Severe RVD Fibrofatty 2 0
Yes Severe ND ND 0 4
Yes Severe Basal dyskinesia Fibrosis 2 2
No None Normal Normal 1 2
Yes Mild Basal dyskinesia Fibrosis 2 2
Yes Severe Basal dyskinesia Fibrosis 2 2
Yes None Basal dyskinesia ND 1* 2
calized QRS prolongation in V1–V2 110 ms.
toms; NSVT  non-sustained ventricular tachycardia; RV  right ventricle; RVD
agnetic Resonance Variables
% Agreement Kappa z-Score p Value
88% 0.74 5.75 0.001
100% 0.29 2.26 0.01
95% 0.84 6.52 0.001
97% 0.90 6.92 0.001
93% 0.78 5.13 0.001ic Ri
ia
%. *Loive M
trols
%
%
%
%
%ardia; RV  right ventricular.
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MRI of Right Ventricular Dysplasia December 5, 2006:2277–84nd use of surface coils to improve signal-to-noise ratio lead
o high-quality images of the RV, which are believed to
llow reproducible and reliable interpretation. A recent ex
ivo study demonstrated potential limitations of certain fast
maging techniques for ARVD (13), demonstrating the
eed for human in vivo determination of the reliability of
RI for this condition.
The present study has several important findings. First,
he inter-reader reproducibility for qualitative assessment of
RI variables in the diagnosis of ARVD is excellent among
xperienced observers. The kappa value for intramyocardial
at infiltration was 0.74, which is significantly higher than
hat reported by Bluemke et al. (11). That study was
ulticenter and used non-breath hold conventional spin
maging; a method not currently used at most sites owing to
ow image quality with resulting frequent motion artifacts.
ur findings are similar to the single-center results reported
y Abbara et al. (14), who used conventional spin-echo
igure 3. (A) Right ventricular end-diastolic volume was significantly
reater in patients with arrhythmogenic right ventricular dysplasia
ARVD) compared with idiopathic ventricular tachycardia (VT) and
ontrol subjects. No differences were noted in the left ventricular
nd-diastolic volumes. (B) Right ventricular ejection fraction was
ignificantly lower in patients with ARVD compared with idiopathic
T and control subjects. No differences were noted in the left
entricular ejection fraction.mages with fat suppression and demonstrated good agree- Rent for intramyocardial fat detection. However, the utility
f fat-suppression was not separately assessed in our study.
imilarly, inter-reader agreement was excellent in our study
or other qualitative variables, such as RV dilation, regional
all motion abnormalities, and RV outflow dilation.
We also found that intramyocardial fat infiltration is
he most sensitive (84%) and the least specific (79%) for
iagnosis of ARVD. Intramyocardial fat was also the
east reproducible parameter among all the qualitative
ariables (kappa  0.74). There are several possible
easons for this. The normal presence of epicardial and
ericardial fat makes identification of true intramyocar-
ial fat difficult. Some areas, such as the subtricuspid
egion, are not easily distinguished from the atrioventric-
lar sulcus, which is rich in fat (15). Furthermore,
ntramyocardial fat is frequently seen in normal hearts in
he anteroapical regions (16). The RV free wall is only 3
o 5 mm thick, and the spatial resolution is often
nsatisfactory to reliably comment on fat infiltration,
articularly in patients with arrhythmia and resulting
otion artifacts on MRI. To differentiate fatty infiltra-
ion from the normal epicardial fat requires considerable
xperience in MRI interpretation and may be impossible
f motion artifacts due to cardiac arrhythmia are present.
Finally, we found that experienced observers had
xcellent agreement for quantitative assessment of the
V, thus validating the use of quantitative MRI in a
linical setting. Routine quantification of the RV may
urther decrease the interobserver variability in reporting
linical studies. The main prerequisite for quantitative
valuation is availability of age- and gender-corrected
ormative data (17). Although data are available on RV
olumes and function, data on RV dimensions are lack-
ng. The normative data from echocardiography is not
eadily adapted to MR imaging, because of differences in
maging planes (18).
tudy limitations. Although we have shown that quali-
ative assessment of regional RV kinetic abnormalities
as a high positive predictive value for diagnosing
RVD, a method for reliable quantitative assessment of
egional RV function by MRI has not been assessed. One
pproach to this problem is myocardial tissue tagging
19). Fayad et al. (20) have previously described this
pproach in the RV. However, tissue tagging has not
een found to be easily applied owing to the very thin RV
ree wall and resultant poor signal-to-noise ratio.
linical implications. Interpretation of MR examina-
ions for ARVD is inherently qualitative. Typically, MRI
eaders judge the presence or absence of fatty infiltration,
hamber dilatation, and RV dysfunction. Previously, little
as been known regarding the relative value of any of
hese parameters in contributing to the final diagnosis or
xclusion of ARVD. Our results show that identification
f fat within the myocardium by MRI may not be specific
nd is in fact the least reproducible MRI parameter.
eliance on fat detected by MRI for ARVD diagnosis
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December 5, 2006:2277–84 MRI of Right Ventricular Dysplasiaay lead to false positive MRI scans, which has serious
onsequences both for patients and for their families (21).
egional wall motion abnormalities limited to the RV are
ighly specific to the disease. The possibility of ARVD
hould be considered when fat infiltration occurs in
onjunction with wall motion abnormalities and the
iagnosis should be made using the Task Force criteria.
lthough intramyocardial fat detection on MRI is a
ell-accepted alternative for endomyocardial biopsy, it is
till not a Task Force criterion for ARVD diagnosis.
aution should be exercised in interpreting the results,
specially in the absence of wall motion abnormalities. It
s hoped that the U.S. ARVD study, a National Institutes
igure 4. Bland-Altman analysis showing excellent agreement between the
ifference 7.9  3.1 ml; upper and lower limits of agreement 26 ml and
ifference 0.02  0.04; upper and lower limits of agreement 0.17 andf Health-sponsored prospective multicenter study that is durrently underway, will further clarify the role of MRI in
RVD. The study aims to enroll 100 newly diagnosed
atients with ARVD and 500 first-degree relatives. All
he subjects in the U.S. ARVD study are evaluated using
standardized MRI protocol similar to the protocol de-
cribed in the present report.
In conclusion, the present study shows that interobserver
greement for qualitative and quantitative evaluation of
RI for ARVD is excellent among experienced observers.
mong qualitative MRI variables, intramyocardial fat on
RI is less reliable compared with wall motion abnormal-
ties. The RV volumes are significantly different in ARVD,
nd quantitative RV analyses may be useful in both the
observers for right ventricular end-diastolic volume (RVEDV) (top, mean
l, respectively) and right ventricular (RV) ejection fraction (bottom, mean
respectively). Limits of agreement are displayed as 2 SD.two
42 m
0.1,iagnosis and the follow-up of patients with ARVD.
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